Grain can be stored for a long time under proper storage conditions; however, biochemical changes do occur during ageing.
Previous studies have shown that the quality and nutrient content of corn decreased with increasing storage time (Mcdonough, Floyd, Waniska, & Rooney, 2004) . Rehman (2006) also reported that a significant decrease in pH, digestible lysine content and thiamine content, and an increase in titratable acidity were observed during storage of corn. Otherwise, corn lipids like fatty acids are susceptible to oxidation and rancidity (Galliard, 1986) . Animals fed corn that has been stored long-term can cause adverse effects. Liu, He, Yin, Xia, and Yuan (2013) found that broilers fed ageing corn had reduced antioxidant function. Ducks fed ageing corn were more likely to have oxidative damage which reduced growth performance (Mcfarlane, Curtis, Shanks, & Carmer, 1989) .
Vitamin E (VE) is a necessary fat soluble vitamin for poultry (Attia et al., 2016) . As a natural antioxidant, it plays an important role in maintaining the growth of animals, improving the quality of livestock products, regulating the secretion of hormones and metabolism in vivo, but also scavenging free radicals, preventing lipids peroxidation and protecting animals from the adverse effects caused by oxidative stress (Attia et al., 2018; Panda & Cherian, 2014) . Zhang et al. (2015) reported that VE improved growth performance and antioxidant function of meat ducks fed ageing corn diets. Wen, Zhang, and Shan (2013) reported that dietary supplementation with 200 IU/kg VE improved egg production and egg quality, and enhanced the antioxidant function of laying hens as well as broiler chickens (Attia, Al-Harthi, El-Shafey, Rehab, & Kim, 2017) . Whether dietary VE can alleviate the adverse effects on animals fed ageing corn is not clear.
For this reason, this research aimed to study the effects of feeding laying hens ageing corn on performance, egg quality, serum biochemical parameters, cholesterol content and the fatty acid (FA) profile of egg yolks and whether dietary VE supplementation could partially or completely alleviate any negative effects of the ageing corn.
| MATERIAL S AND ME THODS

| Ageing corn
Ageing corn stored for 4 years used in the present study were originated from the national barns (Jilin, China), and normal corn stored for half year from Ningxia, China. All corn samples were stored in brick structures, and some phytochemical properties were determined (Table 1) . Dry matter was analysed by oven drying (930.15), protein by Kjeldahl (984.13) and ether extract by Soxhlet fat analysis (920.39), as described by the AOAC International (2000). Gross energy was analysed by a adiabatic bomb calorimetry (Parr Instrument Company, IL, USA). Titratable acidity was expressed as potassium hydroxide required to neutralize the acids in a 100 g sample (GB/T 20570-2015) . The content of malondialdehyde (MDA), catalase (CAT) and peroxidase (POD) was measured using specific detection kits from Nanjing Jiancheng Bioengineering Institute (Nanjing, Jiangsu Province, P. R. China) with a Multiskan Spectrum Reader (Model 1500; Thermo Scientific, Nyon, Switzerland). Aflatoxin, zearalenonel and deoxynivalenol were measured using the national standard methods (GB/T 30955-2014 , GB/T 28716-2012 and SN/T 1571 . Fatty acids were quantified by the national standard methods (GB 5009.168-2016) .
| Experimental birds, diets and management
The experimental protocol used in the study was approved by the Animal Care and Use Committee of Sichuan Agricultural University.
A total of 216 Lohmann laying hens (50-week-old) were randomly divided into six treatment groups that consisting of six replicates with two pens (3 birds/pen, 38.1 cm width × 50 cm length × 40 cm height). And six replicates for each treatment in a completely randomized design involving a 2 × 3 (Corn × VE). Hens were given diets supplemented with two corn types (normal corn and ageing corn) and three concentrations of VE (0, 20 and 100 IU/kg). Each treatment was uniformly distributed in the laying house to minimize the environmental effects. All hens were housed in stainless steel cages, and the room environmentally was controlled with 22℃ by a daily lighting schedule of 16 hr light and 8 hr dark. Hens were allowed ad libitum access to experimental diets and water throughout the 12 week experiment. The basal diet (Table 2) All diets were provided in mash form.
TA B L E 1 Phytochemical properties of ageing corn and normal corn (air-dried basis)
Items
Content
Ageing corn
Normal corn Minolta Sensing, Osaka, Japan). Eggshell thickness was measured on the large end, equatorial region and small end, respectively, using a stainless steel electronic Vernier caliper. Eggshell strength was evaluated using an egg shell force gauge model II (Robotmation, Tokyo, Japan). The egg weight, egg yolk colour, albumen height and Haugh unit were evaluated using an egg multi tester (EMT-7300;
Robotmation, Tokyo, Japan) according to Attia (1994 and 1995) (Attia, Burke, & Yamani, 1994; Attia, Burke, Yamani, & Jensen, 1995 
| Serum biochemical analysis
At the end of the experiment, one hen from each replicate of each treatment was randomly chosen. Blood was drawn from the wing vein and placed in tubes to allow serum collection. Feed was not withdrawn before blood collection. After the blood was collected, the tubes containing blood were centrifuged for 10 min (3,000 × g) 
| Cholesterol content and the fatty acids (FA) profile of egg yolk
At the end of the experiment, three eggs were selected from each replicate of each treatment were used to determine the cholesterol content and the FA profile of egg yolks. Total cholesterol content and the FA profile were determined on mixed eggs. Egg yolks were separated from the albumen and stored in plastic bags at −80°C until analysis. The total cholesterol content and the FA profile were measured according to the national standard methods (GB 5009.128-2016 and GB 5009.168-2016 ).
| Statistical analysis
Statistical analysis was performed using the Glimmix procedure of SAS 9.2 ( SAS institute Inc., Carr, NC). Data were analysed as a 2 × 3 (Corn × VE) factorial arrangement of treatments by 2-way ANOVA with a model that included the main effects of corn and VE, as well as their interaction. When an effect was significant, means were compared by Duncan's multiple comparison tests to determine specific differences between means. Replicate was the experimental unit. Data were shown as the means and pooled SEM. Statistical significance was assigned at p < 0.05.
TA B L E 2 Composition and nutrient level of basal diet (air-dried basis)
Item (%) Amount
| RE SULTS
| Production performance
Hens fed ageing corn had a lower (p < 0.01) average daily feed intake (ADFI) and egg weight (p < 0.05) than normal corn (Table 3) . Feed conversion ratio (FCR) decreased, whereas ADFI, egg weight and egg production increased with increasing dietary VE supplementation (p > 0.05). 
| Egg quality
| Serum biochemical parameters and lipid metabolism
Neither ageing corn nor dietary VE had any significant influences on serum biochemical parameters of laying hens (p > 0.05; Table 5 ). The effects of dietary ageing corn and VE supplementation on serum lipid metabolism of laying hens fed ageing corn are presented in Table 6 .
Ageing corn significantly decreased the content of TC (p < 0.05), LDL-C (p < 0.01) and VLDL-C (p < 0.05) in the serum. The content of LDL-C in birds fed the 100 IU/kg VE diet was higher (p < 0.05) than those fed the 0 and 20 IU/kg VE diets. Compared with 0 IU/ kg VE, 100 IU/kg VE significantly increased the content of VLDL-C (p < 0.05). Tables 7 and 8 show the effects of dietary VE supplementation on cholesterol content and the FA profile of egg yolks of laying hens fed ageing corn. For the results of Table 7 , an analysis of yolk FA revealed that the major FA was oleic acid (C18:1), palmitic acid (C16:0) and linoleic acid (C18:2). Ageing corn contributed to a significant increase (p < 0.01) in the content of stearic acid (C18:0) and to a significant decrease (p < 0.05) in the content of oleic acid (C18:1) and docosahexaenoic acid (C22:6). Ageing corn significantly increased (p < 0.01) total saturated fatty acid (SFA) content and decreased (p < 0.05) total monounsaturated fatty acid (MUFA) content. In general, dietary VE supplementation had no significant influences (p > 0.05) on cholesterol content and the FA profile of egg yolks.
| Cholesterol content and the FA profile of egg yolk
There was a significant interactive effect on the content of C18:1 (p < 0.05) between corn and VE.
| D ISCUSS I ON
Previous studies have shown that changes in the chemical composition and nutritive value of cereal grains may occur during storage (Chrastil, 1990; Dhaliwal, Sekhon, & Hps, 1991) . Although the oil content of the corn kernel is only 3.5%-6.5%, but the unsaturated fatty acids account for more than 80%, these fatty acids and lipids are prone to oxidation and peroxidation during storage, leading to a deterioration of stored corn quality (Zhou, Zhang, & Zhang, 2007 Means with no common superscripts within a column differ significantly (p < 0.05).
1
Each mean represents two cages, with three hens/cage. corn was higher than normal corn in this study, but peroxidase activity was lower. The ageing corn came from grain depot, the storage condition was suitable, and the content of mycotoxins was not considerable, so the effects of ageing corn on hens in this experiment were caused by changes in the nutritional components of corn, such as oxidation of fatty acids.
The intake of exogenous free radicals can cause the decrease in antioxidants. The storage of corn resulted in a large number of free radicals, and laying hens fed ageing corn had a lower serum antioxidant status (Liu et al., 2013) . The hens fed ageing corn were more susceptible oxidative damages and decreased laying performance Lotfollahian, 2010) . In the present study, VE did not significantly improved egg production performance. The possible reason is that VE content in the basal diet was 8.10 and 3.13 IU/kg in the study met hens requirements, high availability and dietary supplementation couldn't significantly influence egg production performance.
Eggshell quality, including colour, eggshell thickness and strength, can be affected by many factors, such as strains, age, nutrition and so on (Ahmadi & Rahimi, 2011; Roberts, 2006) . The effects of corn types and VE content on eggshell quality is lacking (it is governed mostly by intakes of Ca, P and Vitamin D). Previous studies have noted that ageing corn could reduce protein quality through oxidative stress which may cause protein denaturation (Saki, Aliarab, Cheraghi, Mirzaie, & Ahmadi, 2016) . As hypothesized, VE could improve the quality by prevention of oxidation, but was unable to do so in this experiment and elicited its effect on the hen and egg quality traits independently of ageing corn. Carotenoids are a source of red and yellow pigments which alter egg yolk colour (Baiao, Mendez, Mateos, García, & Mateos, 1999; Blount, Houston, & Møller, 2000) . Birds cannot synthesize these carotenoids and TA B L E 5 Effects of vitamin E (VE) supplementation on serum biochemical parameters of laying hens fed a diet containing ageing corn therefore they must be obtained from the diet (Blount et al., 2000) .
Relevant reports showed that ageing corn may reduce the activity of antioxidant enzymes in hens, accelerate the oxidation of carotenoids and reduce the deposition of pigments (Wang et al., 2011) . Yolk colour was changed when fed ageing corn in the study, but what is not known is whether the corn carotenoids were similarly oxidized thus affecting the colour of the yolk. The vitelline membrane strength is an indication of internal quality of an egg. It surrounds the yolk and keeping it separated from the albumen, a strong vitelline membrane will prevent water diffusing from albumen into the yolk (Caudill et al., 2010) . In this study, 20 and 100 IU/kg VE significantly increased the vitelline membrane strength compared with 0 IU/kg VE. Kirunda et al. (2001) showed that hens supplemented with 60 or 120 IU/kg VE had significantly increased vitelline membrane strength. VE is incorporated into cell membranes and functions as an antioxidant (Attia et al., 2017; Halliwell & Gutteridge, 1985) . Therefore, VE may protect cells from damage due to oxidation. Although VE was able to improve vitelline membrane strength, but the effect was independent of those of ageing corn, it could not counteract the negative effects on egg quality of feeding ageing corn.
Serum biochemical parameters can reflect the different nutritional status in growing animals (Attia et al., 2018) . Our results
showed that ageing corn and dietary VE had no influences on serum biochemical parameters but greater on lipids metabolism.
The reduction of TG in ageing corn may be achieved by decreasing the fatty acid synthesis in the liver and the activation of peroxisome proliferator activating receptor α, which enhances β-oxidation of fatty acids (Chao, Chao, Lin, & Huang, 2001; Sülzle, Hirche, & Eder, 2004) . In this study, ageing corn significantly decreased the cholesterol content including TC, LDL-C and VLDL-C in serum.
Lipid peroxidation products present in oxidized oils which fed to rats caused a reduction of concentrations of triacylglycerols and cholesterol in liver and plasma (Chao et al., 2001; Eder, 1999; Sülzle et al., 2004) . Koch et al. (2007) found that oxidized oil significantly decreased plasma and liver TC, HDL-C and VLDL-C content. In the present study, large amounts of fatty acids of ageing corn were oxidized and resulted in lipid peroxidation products like MDA as described in Table 1 which decreased the level of serum cholesterol in hens fed ageing corn, and this result was in accordance with study by Koch et al. (2007) . In contrast, serum TA B L E 6 Effects of vitamin E (VE) supplementation on serum lipid metabolism of laying hens fed a diet containing ageing corn1
Corn VE (IU/kg) TC was not significantly affected by oxidized sunflower oil in rats (Ammouche, Rouaki, & Bitam, A,; Bellal, M. M., 2002) . In the current study, feeding 100 IU/kg VE significantly increased the content of LDL-C and VLDL-C in the serum. However, Casamassima, Nardoia, Palazzo, Vizzarri, and Corino (2014) found dietary VE supplementation in lacaune ewes decreased serum LDL-C content which is in agreement with Dou et al. (2009) who found VE decreased the content of TC, TG, high density lipoprotein and low density lipoprotein in serum of rats. Most of the lipids in the serum are synthesized by the liver. VE is a potent chain-breaking antioxidant, and its primary role is to prevent lipids peroxidative damage in the tissue (Burton & Traber, 1990; Burton, Joyce, & Ingold, 1983) . The effectiveness of vitamin E in serum cholesterol could also be due to prevention of cholesterol oxidation (Prasad & Kalra, 1993) . Apo-B is the main apolipoprotein involved in lipoprotein metabolism and maintenance of normal serum cholesterol content balance. Our data showed that Apo-B was not affected by ageing corn or dietary VE.
Dietary fatty acid composition can affect the deposition and profile of fatty acids in egg yolk (Whitehead, 1981) . Corn is the main component of diet, so the profile of fatty acid in corn can affect the profile of fatty acid in egg yolk. According to this study, ageing corn significantly increased SFA content in egg yolk, especially C18:0. This may be because ageing corn inhibited the Δ-9 desaturase activity, resulting in a decreased transformation of saturated fatty acids such as C16:0 and C18:0 into the corresponding monounsaturated fatty acids (Raes et al., 2002) . The present study found ageing corn significantly decreased MUFA content, especially C18:1. There is evidence that hens have a unique ability to deposit dietary lipid into the egg yolk, which makes the egg a potential source of MUFA (Filardi et al., 2005) .
Ageing corn may lead to the oxidation of related lipids, resulting reduced MUFA deposition in yolk. Our results showed that ageing corn significantly decreased C22:6 content. This phenomenon was probably due to the greater utilization of Δ-6 desaturase in the n-3 FA with respect to the n-6 pathway. Similar to cholesterol content in serum, ageing corn also decreased cholesterol content in egg yolk but not significantly. All lipid fractions deposited in the yolk are synthesized in the liver, which are afterwards sent through blood stream to ovary (Murata, Ariki, Machado, Silva, & Rezende, 2003) . So the cholesterol content in serum may affect the cholesterol content in yolk. In the current study, VE had no significant influences on cholesterol content and the FA profile of egg yolks. This may be because VE had no TA B L E 7 Effects of vitamin E (VE) supplementation on fatty acid profile of egg yolk of laying hens fed a diet containing ageing corn1 influence on the blood lipids transport and absorption of oocyte in the ovary.
| CON CLUS ION
Ageing corn resulted in a poor production performance and egg quality by reducing ADFI, egg weight and yolk colour. Additionally, feeding of ageing corn changed lipid metabolism by decreasing serum TC, LDL-C, VLDL-C content, decreasing egg yolks MUFA content and increasing SFA content in egg yolks. Dietary 20 and 100 IU/kg VE improved egg quality by increasing vitelline membrane strength, and 100 IU/kg VE affected lipid metabolism by increasing serum LDL-C and VLDL-C content. However, the negative effects of feeding ageing corn were independent of effects elicited by dietary supplementation of VE. 
ACK N OWLED G EM ENTS
